We analyzed the possible relation between the presence of a hospital admission delay ( > ؊ 24 h), undue physical effort or recurrence of anginal pain, alone or in combination, with the development of free wall rupture (FWR), septal rupture (SR) or papillary muscle rupture (PMR) in patients with an acute myocardial infarction (AMI).
A delay in hospital admission for acute myocardial infarction (AMI) is often associated with maintenance of physical activity (1) and has been claimed to be a factor contributing to free wall rupture (FWR) (2) (3) (4) (5) . However, some investigators have questioned such a relation (6) (7) (8) , and little information is available concerning the relevance of this factor to septal rupture (SR) or the papillary muscle rupture (PMR). Another frequent observation is the presence of protracted or recurrent chest pain before FWR (4, 5, (8) (9) (10) (11) (12) , but its significance as well as its potential replication in patients with SR (9) or PMR have not been evaluated. Thus, the purpose of the present study was to investigate the incidence of delayed admission, physical activity and recurrence of chest pain preceding the three forms of cardiac rupture and to analyze their potential mechanistic relevance.
Patients. A total of 239 consecutive patients with rupture after AMI (102 with FWR, 106 with SR, 31 with PMR) were admitted to our coronary care unit from January 1978 to December 1995, the last 167 patients (69.9%) being evaluated prospectively. Two patients with FWR, 63 with SR and 9 with PMR were referred from other hospitals. FWR was clinically suspected in 96 patients and confirmed at operation in 16 or at necropsy, or both, in 86; SR was confirmed at operation in 63 patients and by angiography or at necropsy, or both, in 43; diagnosis of PMR was confirmed at operation in 25 and at necropsy in 6.
The clinical diagnosis of AMI was based on the concurrence of at least two of the three following circumstances: chest pain, elevated myocardial enzymes (total creatine kinase [CK] and CK-MB fraction) and acute electrocardiographic (ECG) changes (ST segment elevation or depression associated or not with pathologic Q waves). One lead of the ECG was continuously monitored in all patients while in the coronary care unit, and a conventional 12 lead ECG was recorded on admission, daily and during the episodes of chest pain. Postinfarction chest pain was categorized as angina if it was similar in kind to that during the AMI and was not modified by respiration or postural changes. In contrast, chest pain was identified as pericarditis when it clearly worsened during respiratory motion and tended to be persistent. Throughout the hospital period, patients were instructed to immediately report any chest pain experienced. Physical activity, such as agitation, repeated vomiting or protracted coughing that necessitated specific medication for their control (e.g., sedatives or antiemetic agents), were considered undue exercise for patients in the acute phase of a myocardial infarction and were recorded. The eventual use of a bed pan for defecation was particularly investigated in patients with rupture but could not be sought reliably in the control group patients. Total CK, CK-MB fraction and glutamic oxaloacetic transaminase were measured every 4 to 6 h during the first 48 to 72 h.
Postmortem examination was performed in 123 patients with rupture (86 with FWR; 28 with SR; 9 with PMR, including 3 who died after mitral valve replacement). Assessment of cardiac tamponade and confirmation of FWR, SR or PMR were carried out, and the cardiac ventricles were sectioned transversely into slices of ϳ1 cm thick from the apex to 2 to 4 cm caudal to the atrioventricular sulcus. A macroscopic and histologic confirmation of myocardial necrosis was also performed and, in the last 96 patients (17 with SR, 70 with FWR, 9 with PMR), serial cross-sectioning of the main epicardial coronary arteries at 5-mm intervals with gross inspection for maximal lumen narrowing and for presence of an occlusive thrombi was carried out. Coronary angiographic data were available in 79 additional patients (53 with SR, 10 with FWR, and 16 with PMR).
A subset of 1,012 consecutive patients without cardiac rupture with a first transmural AMI, admitted from January 1990 to December 1995, served as a comparison group (control group). The condition of a first transmural AMI, confirmed by persistent elevation of the ST segment, was required because it is in this setting in which FWR (3, 7, 13) , SR (14 -16) or PMR (17, 18) generally occurs. Accordingly, and for the sake of direct comparison, 14 (5.9%) of the 239 patients with either FWR (n ϭ 4), SR (n ϭ 6) or PMR (n ϭ 4) and a previous infarction were excluded from the analysis. Because coronary angiography was performed in only a fraction of the control group, mainly because of clinical indications (e.g., postinfarction angina, positive stress test results), the corresponding findings are not reported here. 
Results
Clinical and ECG data (Table 1) . Age, male gender and history of arterial hypertension were comparable in patients with FWR, SR or PMR. Hypertension was more often present in the three groups than in the control group, as was diabetes, except for the PMR group. The location of the infarct area was comparable between patients with SR and the control group, whereas the location was less often inferior and more often lateral in patients with FWR than in the SR and control groups ( Table 1) . As in the control group, all patients with FWR or SR and 23 of those with PMR presented with ST segment elevation, whereas the remaining four patients with PMR presented ST segment depression.
Admission delay and in-hospital physical effort. A delay of Ն24 h between onset of symptoms and hospital admission occurred in 88 patients with rupture (39.1%), 27 with FWR (27.6%), 47 with SR (47%) and 14 with PMR (51.9%). At least 71 of these patients remained ambulatory at home and did not have continuous bed rest, although the extent of ambulation could not be quantitated. In contrast, a similar delay in admission was observed in only 81 patients in the control group (8%, p Ͻ 0.0001 Histologic evidence of infarct extension was seen at necropsy in 7 of 28 patients with SR and in 3 of 9 with PMR, all without a previous infarction.
When we analyzed only the 76 patients who experienced rupture during the recruitment interval for the control group (years 1990 to 1995), the proportion with an admission delay Ͼ24 h and the frequency of in-hospital undue effort or anginal pain before rupture were comparable to that of patients admitted in the preceding years (Table 2) . Coronary angiographic/anatomic data. Although the proportion of patients with one-, two-or three-vessel disease varied somewhat among the three groups (p Ͻ 0.05), singlevessel disease had the highest incidence in each group (Fig. 2) , and most patients had either one-or two-vessel disease (FWR 96%, SR 90%, PMR 75%). However, the culprit artery differed significantly (p Ͻ 0.0001) and was mainly the left circumflex or the left anterior descending coronary artery in the FWR group, the right or the left anterior descending coronary artery in the SR group and the right or the left circumflex coronary artery in the PMR group (Fig. 3) . The incidence of total occlusion of the infarction-related artery was high in the three groups (73 
Discussion
Admission delay and physical strain. One of the relevant findings of our work is the increased incidence of admission delay among patients who experienced some form of cardiac rupture. Delayed hospital admission was generally associated with more protracted or recurrent chest pain, the persistence of some physical activity, a delayed diagnosis of AMI and inadequate treatment. Protracted or recurrent chest pain (4, 5, 8, 11, 12) as well as persistence of physical activity (1) (2) (3) (4) (5) were previously observed to be associated with increased incidence of FWR, particularly in mental institutions (2) . Admission delay occurred not only in our patients with FWR but also, and more frequently so, in those with SR or PMR, an observation much less established, most likely because most patients with FWR die before admission to the hospital (19, 20) . In fact, Jetter and White (2) found a 73% rate of rupture in 22 autopsy cases of AMI in a mental institution and attributed this rate to lack of recognition of AMI and continued patient activity. Likewise, rupture was present on arrival at the hospital in nearly 90% of our patients with an admission delay. Moreover, in an appreciable proportion of patients, undue physical strain also preceded in-hospital cardiac rupture. Undue or unusual effort was also considered in the context of an AMI and was identified as that associated with straining at stool while using a bed pan, persistent disorientation/agitation or protracted vomiting or coughing that required specific medication (e.g., sedatives, antiemetics). Although similar undue effort was much less frequently observed in the control group, it is likely that some of this activity went unreported. Thus, the lack of more accurate information about physical activity in the control patients is a drawback of the study. This limitation notwithstanding, our findingsprospective in more than two-thirds of patients-would lend further support to the role of physical strain as a possible trigger of rupture (2) (3) (4) (5) . In line with this reasoning we recently reported (21) a low incidence of rerupture in patients with a subacute FWR treated with pericardiocentesis, prolonged rest and blood pressure control. Although several investigators have disputed the relevance of physical activity in cardiac rupture, they have often failed to report on the specific activity before rupture (6 -8) . Moreover, in a number of patients with FWR this information is not available because they die suddenly of tamponade. Because most of these physical efforts implicate a Valsalva maneuver, we speculate that phase 4 (overshoot) is of particular risk because it entails the largest increase in systolic blood pressure, and hence in ventricular wall strain, unopposed by a parallel increase in intrathoracic pressure. Recurrent chest pain. The second contribution of our study is the recognition that intense chest pain precedes in-hospital rupture in a sizable proportion of patients. Even though persistent chest pain or its recurrence has been acknowledged to be associated with FWR (5, 7, 8, 11, 22) and, in fewer reports, with SR (9,23) or PMR (18, 24) , its potential relevance has not been explored. London and London (7) reported that 26 of their 47 patients with rupture had protacted or new chest pain before rupture (55%), as opposed to 20 of 200 who died of AMI without rupture (10%). Also, in patients who developed FWR after the first 24 h, Rasmussen et al. (8) documented that a new attack of pain frequently commenced the terminal event. Moreover, Kishon et al. (23) reported a 35% incidence of persistent angina in 40 patients with SR, and Barbour and Roberts (18) reported that 21 of their 22 autopsy cases of PMR had died suddenly outside the hospital after 5 to 7 of repeated bouts of chest pain. The possibility that in some patients with FWR, chest pain was in part related to pericardial distension or pericarditis (12) cannot be excluded, but in most patients from the three subsets chest pain preceding rupture was virtually indistinguishable from that during AMI and was not infrequently associated with acute ECG changes in the leads overlying the infarcted area, suggesting that it could be caused by peri-infarction ischemia or reinfarction in at least some patients. Even though previous ECG observations during rupture are scanty and are confined to FWR and to a monitor lead (5, 25) , they are in line with our findings using a 12-lead ECG. These observations during the acute phase of rupture add to the recently described ECG pattern seen before rupture that includes persistent ST segment elevation (12, 26) or lack of evolutionary T wave changes, or both (12) . In some instances, particularly in SR and PMR where there was a delay between rupture and death or operation, reinfarction could be confirmed at necropsy. Our contention that reinfarction may be a more frequent cause of rupture, and at a much earlier interval than heretofore suspected (7), may be supported by detailed histologic studies showing that rupture tends to occur in areas of infarction with more recent necrosis (3, 27) . In contrast, in a number of patients with FWR reinfarction cannot be detected histologically because these patients die shortly after rupture. We speculate that in patients with FWR or SR that follows a recurrence of angina beyond the first 24 h, myocardial ischemia may affect the formerly preserved outer layer of the jeopardized area. The consequent loss of contractile force could facilitate rupture at the point of highest wall strain. In keeping with this possibility, recent experimental studies (28) have indicated that even brief periods of ischemia may cause some collagen loss, thereby weakening the supporting framework of the ischemic zone. Study limitations. The present istudy was in part retrospective; therefore some information about physical activity before hospital admission was unavailable. However, patients with a delayed hospital admission generally maintained some physical activity at home and often went to seek medical attention, particularly after the pain had partially subsided. Another potential drawback is the reduced number of patients in whom an ECG could be performed during pain preceding FWR, thereby limiting the potential implication of ischemia/ reinfarction as a trigger of this complication. One major reason for this limitation is that many of these patients died suddenly of tamponade before an ECG could be recorded. Also, and for the same reason, the nature of the chest pain could not always be determined. Furthermore, objective evidence of myocardial ischemia was only available from the ECG and involved only a small proportion of patients (26 [18%] of 145), although when patients with an available ECG were considered, the proportion with ECG changes was higher. Some of these patients complained of pericarditic pain a few hours or days preceding FWR, but this was a more consistent finding in those few who temporarily survived this event. Nevertheless, the incidence of pericarditic pain in these patients (36%) was lower than that reported by Oliva et al. (12) (86%), probably because these investigators included only "late" FWR in their series (Ͼ48 h), which allows for the pericarditis to be manifest, whereas our patients were not selected and more closely represent the early rupture subset, including the 28% who had rupture before admission.
Clinical implications. According to our data, patients who present with cardiac rupture during AMI (either FWR, SR or PMR) share several clinical features, such as a first AMI, age Ͼ50 to 55 years, history of arterial hypertension, absence of heart failure before rupture and presence of protracted or recurrent anginal or angina-like pain. An important number of them engaged in sustained physical activity after onset of AMI, particularly before hospital admission. Thus, patients with the aforementioned profile who are admitted late are at increased risk of presenting, in the emergency room, with some form of cardiac rupture. Furthermore, these patients should be cautioned not to undertake any undue physical effort, particularly during the first week, to avoid excessive strain on the infarcted wall, and should undergo strict blood pressure control. Moreover, they should be followed up closely for recurrence of chest pain because this recurrence may lead to some form of rupture. Finally, because rupture ultimately develops in an area subtended by a totally occluded artery, it is likely that early reperfusion and maintenance of an open artery may substantially reduce the incidence of these complications.
